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Description 

APPARATUS AND METHOD FOR TESTING AND 
ANALYZING BASE STATION WITH SMART ANTENNA, 
AND PROTOCOL STRUCTURE 
Technical Field 

[1] The present invention relates to an apparatus and method for testing and analyzing a 

base station with a smart antenna (SA), and a protocol structure for the same. More 
specifically, the present invention relates to an apparatus and method for testing and 
analyang a base station with an SA in a WCDMA (Wideband CDMA) mobile com- 
munication system, and a protocol structure for the same. 
Background Art 

[2] Korean Patent Application No. 1995-17182 (filed on Jun 23, 1995) discloses an 

invention under the title of "Related Apparatus for Performance Analysis of CDMA 
Mobile Communication System, Construction Method, and Analysis Method", which 
provides an apparatus, a construction method, and an analysis method for analyzing 
wireless link-related performance such as bit energy-to-noise ratio, traffic frame 
quality, etc. as well as various statistic characteristics and system parameters for a 
network in a CDMA mobile comirunication system providing a voice service only. 

[3] More specifically, the cited invention of Korean Patent Application No. 

1995-17 182, where a device for collecting performance-related data from the system, a 
message-collecting device, and a device for analyzing these data and messages are in- 
dependently provided, can be effectively applied to parameter optimization of the 
CDMA mobile comrmnication system, tbwever, the fimctions for data collection and 
analysis are implemented in independent devices, demanding trablesome work in 
performance analysis, and there is no test call fiinction. 

[4] Another conventional technique is described in a paper under the title of de- 

velopment of the Test and Evaluation Systems for the CDMA Mobile System (ETRI 
Journal Vol. 19, 3 rd Edition, pages 281-318). This paper relates to an apparatus for 
performance analysis of a CDMA wireless comnunication system and an analysis 
method, and specifies an improvement of the cited patent, Korean Patent Application 
No. 1995-17182. 

[5] More specifically, according to the paper, a device for collecting wireless link 

performance data necessary for performance analysis is installed separately in both a 
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mobile station and a base station to analyze the performance of both forward and 
backward links and also to optimize parameters necessary for installation of a CDMA 
mobile comnnnication system. H>wever, the use of the device separately installed in 
both the mobile station and the base station for implementation of data collection and 
analysis fiinctions may accompany troublesome work in performance analysis. 
[6] Korean Patent Application No. 1999-54897 (filed on December 3, 1999) discloses a 

patent under the title of "Apparatus and Method for Wireless Link Performance 
Analysis of CDMA Mobile Comminication System", which provides an apparatus and 
method for analyzing the wireless link performance of a next-generation CDMA 
mobile comminication system that provides nultimedia services as the MT-2G00 
mobile communication system does. 

[7] The apparatus for analyzing the wireless link performance of a next-generation 

CDMA mobile communication system providing nultimedia services includes a test 
call generator for generating service-specific test calls and providing the generated test 
calls to a base station; a network interface for receiving data related to the wireless link 
performance from the base station; and a performance analyzer for analyzing the 
performance of the CDMA mobile comminication system using the data related to the 
wireless link performance and displaying the analysis result on a screen. 

[8] More specifically, the invention of Korean Patent Application No. 1999-54897, 

which is for effectively performing a wireless link performance analysis required in the 
performance test of a next-generation CDMA mobile communication system providing 
multimedia services, includes a performance-related data collection function, a data 
analysis function, and a real-time graph display function for the analysis result, and 
generates test calls by service type. 

[9] In the cited patent that integrates data collection and analysis functions with a 

function of generating test calls by service type, a series of test and evaluation 
procedures such as a service-specific test call generating step, a service-specific 
performance analysis step for CDMA mobile communication systems, and a parameter 
optimization step can be performed consistently, but the calls are not controlled, 
requiring a connection to the controller only with a burden of an excessive test cost. 

[10] The next-generation mobile comminication system including the MT-2000 system 
is expected to provide mass nultimedia services relating to video and Internet as well 
as voice, and accordingly demands a great enhancement of the wireless link 
performance including a wireless system capacity. 

[11] In addition, the S A technique is a next-generation capacity enhancement technology 
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for simultaneously providing high-speed mobile communication services for many 
more mobile subscribers than the existing systems at a limited frequency bandwidth, 
fbwever, such an S A technique requires a device for effectively testing the function 
and the performance of the system in both laboratory and field settings. 
Disclosure of Invention 
Technical Problem 
[12] It is an advantage of the present invention to provide an apparatus and method for 

testing and analyzing a base station having an SA, and a protocol structure for the 
same, that is for effectively testing the Junction and the performance of a WCMA base 
station during installation and operation of the WCDMA system as well as system de- 
velopment by generating mass nultimedia test calls to the WCDMA sibscriber 
stations. 

Technical Solution 

[13] In one aspect of the present invention, there is provided an apparatus for testing and 

analyzing a base station having a smart antenna that includes: a test analyzer body for 
performing management of a test call including channel establishment/release of the 
base station, connecting to the base station to generate mass mobile comrmnication 
nultimedia test calls, and measuring and analyzing an operational state of the system 
including service-specific junctions and performance of the system; and a test analyzer 
interface for transmitting/receiving a protocol signal message, traffic, and performance 
data to/from the test analyzer body. 

[14] The test analyzer body includes: a user interface for generating a test call so as to 

enable a direct connection to the base station for monitoring the performance of the 
system; a test call processor for selecting a protocol corresponding to the test call, 
analyzing a signal message for the protocol to monitor a call setup procedure, 
processing the test call to analyze traffic, and monitoring the quality of the traffic 
according to the analysis result of the traffic; a protocol processor for generating a 
signal message used for the selected protocol; a data processor for analyzing and 
processing the performance data of the test call processor; and a network interface for 
comminicating with the test analyzer interface to transmit/receive the protocol signal 
message, the traffic, and a performance message. 

[15] The test call processor includes: a test call analyzer for selecting a corresponding 

protocol according to the test call; a traffic analyzer for reporting the protocol signal 
message to the test call analyzer to monitor the call setup procedure, or reporting the 
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analysis result of the traffic to the test call analyzer to monitor the quality of the traffic; 
and a signal message database for storing the signal message in order. 

The data processor includes: a data analyzer for analyzing the performance data of 
the test call processor; and a performance database for storing an analysis result of the 
data analyzer. 

The test call includes a voice, video, or Internet rrultimedia call. The test call com- 
municates with a mobile station according to a corresponding protocol. 

The protocol processor establishes a channel to a mobile station using a message 
stored in a signal message database according to the corresponding protocol. 

When a channel to the mobile station is established, the protocol processor reports 
the result to the network interface and a traffic analyzer of the test call processor and 
transmits/receives the corresponding traffic to/from the mobile station. 

Preferably, the analysis result of the traffic includes an analysis result of a frame 
error rate, or a propagation delay. 

Preferably, the analysis result of the data processor includes an analysis result of a 
modulation/demodulation state, or an operational performance of the base station. 

The data stored in the performance database are reported to the user interface by a 
request of an operator, enabling the operator to monitor the performance of the mobile 
comnunication system. 

In another aspect of the present invention, there is provided a method for testing 
and analyzing a base station having a smart antenna, that includes: (a) generating a test 
call so as to enable an operator to directly connect to the base station and monitor 
performance of the system; (b) selecting a protocol corresponding to a test call input 
by the operator; (c) generating a signal message used for the selected protocol; (d) 
monitoring a call setup procedure according to the protocol signal message, or 
processing the test call to analyze traffic; and (e) testing a junction, performance, and 
an operational state of the base station according to the analysis result of the traffic, 
and analyzing performance data according to the test result. 

The method farther includes: transmitting the protocol signal message, the traffic, 
and the performance data. 

The method farther includes storing the signal message and the performance data in 
a database. 

Here, the test call includes a voice, video, or Internet multimedia call. The test call 
communicates with a mobile station according to a corresponding protocol. 

Here, an operational state parameter tested in the step (e) is selected from a group 
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consisting of a traffic frame quality, a bit energy-to-noise ratio, operational 
performance of the base station system, and a mobile station location. 
f28] In farther another aspect of the present invention, there is provided a com- 

munication protocol structure of an apparatus for test analysis of a base station that 
includes: (a) an application layer for requesting a call control service to control a test 
call generated from a test analyzer body; (b) a call control (CC) layer for performing 
the call control service and then requesting a mobility management service; (c) a 
mobility management (MM) layer for performing the mobility management service 
and then requesting a radio resource control service; (d) a radio resource control 
(RRC) layer for performing the radio resource control service and then requesting a 
radio link control service; (e) a radio link control (RLC) layer for performing the radio 
link control service and then requesting a medium access control service; (f) a medium 
access control (MAC) layer for performing the medium access control service and then 
requesting a frame protocol service; (g) a frame protocol (FP) layer for performing the 
frame protocol service and then requesting an Ethernet service; and (h) an Ethernet 
layer for transferring a service request of the test analyzer body to a test analyzer 
interface. 

[29] The comirunication protocol structure further includes a codec layer for processing 
multimedia traffic. 

[30] The commmication protocol structure Slither includes: a node-B application 

protocol (NB AP) layer for transmission of performance data between the test analyzer 
and the base station. 

[31] In further another aspect of the present invention, a comnunication protocol 

structure of an apparatus for test analysis of a base station, which is a comnunication 
protocol structure of an apparatus for test analysis of a base station having a smart 
antenna in a WCDMA mobile comnunication system, comprises: (a) an application 
layer for requesting a call control service to control a test call generated from a test 
analyzer body; (b) a call control (CC) layer for performing the call control service and 
then requesting a mobility management service; (c) a mobility management (MM) 
layer for performing the mobility management service and then requesting a radio re 
source control service; (d) a radio resource control (RRC) layer for performing the 
radio resource control service and then requesting a radio link control service; (e) a 
radio link control (RLC) layer for performing the radio link control service and then 
requesting a medium access control service; (f) a medium access control (MAC) layer 
for performing the medium access control service and then requesting a frame protocol 
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service; (g) a frame protocol (FP) layer for performing the frame protocol service and 
then requesting an Ethernet service; and (h) an Ethernet layer for transferring a service 
request of the test analyzer body to a test analyzer interface, wherein the test analyzer 
interface of the step (h) processes services of the Ethernet layer and the frame protocol 
layer and transfers service requests of the application layer and the medium access 
control layer. 

[32] In still another aspect of the present invention, there is provided a method for using 

a commmication protocol among a mobile station, a base station, and a test analyzer 
that includes: (a) transferring service requests from a plurality of protocol layers of a te 
st analyzer body; (b) processing services of an Ethernet layer and a frame protocol 
layer among the plural protocol layers, and transferring service requests of an ap- 
plication layer or a medium access control layer; (c) carrying the service requests of 
the application layer or the medium access control layer transferred to the base station 
on an LI (Layer 1) layer and transferring the carried service quests to the normal 
mobile station; and (d) processing the service from the normal mobile station in a 
reverse direction of processing the service requests among the layers of the test 
analyzer body. 

[33] Here, traffic comrainication between the test analyzer body and the normal mobile 
station is achieved through a codec layer for processing multimedia traffic. 

[34] Performance data transferred between the test analyzer body and the base station 

are transmitted to the test analyzer body via a NB AP layer. 

[35] For an effective test of the wireless link performance of the base station having a 

WCDMA smart antenna, the present invention causes the base station to generate mass 
nultimedia test calls immediately and provides a service-specific wireless link 
performance for the operator, economically enhancing and guaranteeing the required 
performance of the system. 
Brief Description of the Drawings 

[36] The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate an embodiment of the invention, and, together with the de- 
scription, serve to explain the principles of the invention: 

[37] FIG. 1 is a schematic of a WCDMA mobile commmication system with an S A 

according to an embodiment of the present invention; 

[38] FIG. 2 is a schematic of a test analyzer for testing a base station with an SA 

according to an embodiment of the present invention; and 

[39] FIG. 3 illustrates a commmication protocol structure of an apparatus for testing a 
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base station with an SA according to an embodiment of the present invention. 
Best Mode for Carrying Out the Invention 

In the following detailed description, only the preferred embodiment of the 
invention has been shown and described, simply by way of illustration of the best 
mode contemplated by the inventor(s) of carrying out the invention. As will be 
realized, the invention is capable of modification in various obvious respects, all 
without departing from the invention. Accordingly, the drawings and description are to 
be regarded as illustrative in nature, and not restrictive. To clarify the present 
invention, parts which are not described in the specification are omitted, and parts for 
which similar descriptions are provided have the same reference numerals. 

Hereinafter, an apparatus and method for testing a base station with an SA, and a 
protocol structure for the same according to an embodiment of the present invention 
will be described in detail with reference to the accompanying drawings. 

The base station with an S A is superior in system performance to a base station 
without any SA, and accordingly involves nuch more numerous types and a larger 
amount of data and parameters relating to the system taction and performance. 
Hence, there is a demand for an environment for testing Junction and performance data 
in an economical and effective way. 

According to an embodiment of the present invention, the function and the 
performance of a WCDMA S A base station providing rmltimedia services can be ef- 
fectively tested and analyzed in both laboratory and field settings. In addition, a more 
precise and effective diagnosis can be made regarding the system fiinction and 
performance, and also, the multimedia services can be provided for the sibscriber 
stations. This embodiment of the present invention will be described below in detail. 

FIG. 1 is a schematic of a WCDMA mobile cornminication system with an S A 
according to an embodiment of the present invention, where the WCDMA mobile 
cornminication system includes a WCDMA mobile station 1 10, a base station 120 
having a WCDMA SA, and a test analyzer 130 of the base station. Hereinafter, a de- 
scription will be given as to a process for transmission of a WCMA signal from the 
mobile station 110 to the base station 120, and the reverse process, i.e., WCDMA 
signal transmission from the base station 120 to the mobile station 110 will not be 
described below. 

Referring to FIG. 1, the WCDMA mobile station 1 10, which is a normal mobile 
station used by an actual subscriber, provides a general fiinction necessary for com- 
munication with the base station 120 and transmits a WCDMA-processed signal to the 
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base station 120 via the SA as an RF (Radio Frequency) signal. 

The RF signal is converted to an IF (Intermediate Frequency) signal via an RF 
converter 121 and an IF converter 122 and finally to a BF (Baseband Frequency) 
signal, and is transmitted to a WCDMA SA modem 123. 

The WCDMA SA modem 123 demodulates the signal received from the mobile 
station 1 10 and transmits the demodulated information to a modem controller 124. 

The modem controller 124 channel-decodes the demodulated information and com- 
mmicates with a channel processor. The channel processor controls the WCDMA S A 
modem 123 and the modem controller 124 and transmits/receives the exchanged in- 
formation to/from a test analyzer body 132. Here, the channel processor comprises 
processor hardware 125, and a test analyzer interface 131. 

The processor hardware 125 is typically implemented with a CPU (Central 
Processor Unit), and the test analyzer interface 131 executes the Junctional program of 
the channel processor. 

The test analyzer body 132 has a test call management function including channel 
establishment/release of the base station 120 in the WCDMA mobile comnunication 
system, so the operator can receive various wireless miltimedia services by com- 
nunication with the mobile station through a wireless channel. 

The test analyzer body 132 controls the function of each component device in the 
base station 120, from the RF converter 121 to the processor hardware 125, and 
manages a statement indicating measurement content, measurement start, and 
measurement end to each component device for the sake of performance diagnosis of 
the WCDMA mobile comnunication system. 

Hence, the operator is enabled to test the operational state including the taction 
and the performance of the WCDMA mobile comnunication system, from the base 
station 120 to the mobile station 1 10, in a cell of the base station 120. 

The test analyzer body 132 classifies and analyzes the measured data, allowing the 
operator to test the fiinction and the performance of the SA base station 120. The 
measured data include, for example, an antenna-specific transmission/reception power 
of the RF converter 121, an IF-level transmit/receive signal intensity of the IF 
converter 122, a wireless path-specific signal intensity of the WCDMA SA modem 
123, an antenna direction-specific weight, a demodulator estimation signal intensity, a 
modulator/demodulator state value, a demodulator offset value related to a propagation 
delay time, and traffic quality information such as a bit error rate of the modem 
controller 124. 



WO 2005/062646 



9 



PCT/KR2004/002437 



The operational state parameters analyzed from the measured data include, for 
example, a traffic frame quality, a bit energy-to-noise ratio, an operational 
performance of the SA base station system including a demodulator, a mobile station 
location, or the like. These data can be provided along with the mobile comnnnication 
service in real time and stored in a separate memory for the purpose of use in the 
future more precise analysis. 

FIG. 2 is a schematic of a test analyzer 200 for testing a base station with an SA 
according to an embodiment of the present invention. The test analyzer 130 and the tes 
t analyzer interface 13 1 of the WCDMA SA base station of FIG. 1 are the same as a 
test analyzer 200 and a test analyzer interface 210 of the WCDMA SA base station of 
FIG. 2, respectively. 

Returning to FIG. 1, the test analyzer 130 of the WCDMA SA base station 
comprises the test analyzer body 132 and the test analyzer interface 131. The test 
analyzer body 132 of FIG. 1 comprises a network interface 220, a protocol processor 
230, data processors 240 and 250, test call processors 260, 270, and 280, and a user 
interface 290, as shown in FIG. 2. The block-specific Junction and operation are 
described as follows. 

The data processors include the data analyzer 240 and the performance database 
250. The test call processors include the traffic analyzer 260, a signal message 
database 270, and a test call analyzer 280. 

First, the operator causes the user interface 290 to generate a test call. The test call 
includes various multimedia calls including voice, video, Internet, etc., each of which 
commmicates with the mobile station 1 10 according to a corresponding protocol. 

The test call analyzer 280 selects a protocol corresponding to a test call input by the 
operator and stores signal messages used for the selected protocol in order in the signal 
message database 270 via a message generator, i.e., the protocol processor 230. Here, 
the performance database 250 and the signal message database 270 can be a memory. 

To establish a channel to the mobile station 1 10, the protocol processor 230 com- 
nxinicates with the mobile station 1 10, the modem controller 124, and the test analyzer 
interface 131 by the message stored in the signal message database 270 according to a 
corresponding protocol. 

Once the channel to the mobile station 1 10 is established, this is reported to the 
network interface 220 and the traffic analyzer 260 for transmission/reception of cor- 
responding traffic to/from the mobile station 110. Here, the network interface 220 
serves as a window of the test analyzer body 132 and comnunicates with the test 
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analyzer interface 210 by TCP-IP to transmit/receive the protocol signal message 
stored in the signal message database 270 and the traffic and performance data stored 
in the performance database 250 to/from the base station 120. 

The protocol signal message is transmitted to the test call analyzer 280 via the 
traffic analyzer 260, so that the operator can monitor a call setup procedure. The traffic 
is analyzed at the traffic analyzer 260, and the analysis results such as frame error rate, 
propagation delay, etc. are transmitted to the test call analyzer 280, enabling the 
operator to monitor the traffic quality. 

The performance data are processed at the data analyzer 240. The analysis results 
such as the modulator/demodulator state, the operational performance of the base 
station, etc. are stored in the performance database 250 and transmitted to the user 
interface 290 by the request of the operator, so the operator can monitor the 
performance of the WCDMA mobile communication system. 

The protocol comnnnication will be exemplified as follows to describe the specific 
operations of the test analysis interface 131 and the test analysis body 132 to measure 
the wireless performance of the«WCDMA SA base station of FIG. 1. 

FIG. 3 illustrates a comnnnication protocol structure of a test analyzer for testing a 
base station with an SA according to an embodiment of the present invention, where 
the comnnnication protocol structure is constructed among a normal mobile station 
3 10, a WCDMA SA base station, and a test analyzer body 330. Here, the reference 
numeral 320 denotes a protocol layer of the base station 120 and the test analyzer 
interface 131 shown in FIG. 1. 

Referring to FIG. 3, when the test analyzer body 330 generates a test call, an ap- 
plication layer 341 of the test analyzer body 330 requests a CC (Call Control) service 
from a CC layer 338 of the test analyzer body 330. Then, the CC layer 338 requests a 
MM (Mobility Management) service from a MM layer 337 of the test analyzer body 
330. 

The MM layer 337 requests a RRC (Radio Resource Control) service from a RRC 
layer 336 of the test analyzer body 330. The RRC layer 336 requests an RLC (Radio 
Link Control) service from an RLC layer 335 of the test analyzer body 330. 

Subsequently, the RLC layer 335 requests a MAC (Medium Access Control) 
service from a MAC layer 334 of the test analyzer body 330. The MAC layer 334 
requests a FP (Frame Protocol) service from a FP layer 333 of the test analyzer body 
330. The FP layer 333 requests an Ethernet service from an Ethernet layer 33 1 of the 
test analyzer body 330. 
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[69] The service requests of those layers are transferred to the test analyzer interface, 

which processes the services from the Ethernet layer 331 and the FP layer 333 but 
transfers the services from the upper layers, i.e., the application layer 341 and the 
MAC layer 334 to the base station. 
[70] The base station carries the service requests from the application layer 341 or the 

MAC layer 334 on an LI (Layer 1) layer 322 and transfers them to the normal mobile 
station 310. The mobile station 310 processes the services in a reverse direction of the 
service requests from the layers in the test analyzer body 330. 
[71] LI layer 31 1 of the normal mobile station 310 reports the service request of ap- 

plication layer 318 or MAC layer 312 to the MAC layer 312 of the normal mobile 
station 310. The MAC layer 312 of the normal mobile station 310 reports the service 
request of the application layer 318 or an RLC layer 313 to the RLC layer 313 of the 
normal mobile station 310. The RLC layer 313 of the normal mobile station 310 
reports the service request of the application layer 318 or a RRC layer 314 to the RRC 
layer 314 of the normal mobile station 310. 
[72] In this way, a CC layer 3 1 6 of the normal mobile station 310 reports the service 

request of the application layer 318 to the application layer 318 of the normal mobile 
station 310. Finally, the call request information generated from the application layer 
341 of the test analyzer body 330 is transferred to the application layer 318 of the 
normal mobile station 310. The message transfer from the normal mobile station 310 
to the test analyzer body 330 is performed in the reverse of this process. 
[73] The traffic communicated between the test analyzer body 330 and the mobile 
station 310 are transferred to a codec layer 339 for processing nultimedia traffic, 
rather than the application layer 341 and the RRC layer 336. Therefore, the traffic 
channel between the test analyzer body 330 and the mobile station 310 is established in 
the order of application layer 341, RRC layer 335, MAC layer 334, FP layer 333, and 
Ethernet layer 331 in the test analyzer body 330, Ethernet layer 321 and FP layer 324 
in the test analyzer interface, LI layer 311, MAC layer 312, RRC layer 313, and codec 
layer 317 in the normal. mobile station 310. Using the established traffic channel, the 
test analyzer body 330 transmits/receives the traffic to/from the normal mobile station 
310. 

[74] The performance data of the base station are transmitted to the test analyzer body 

330 via an NB AP (Node-B Application Protocol) layer 332 of the test analyzer 330. 

[75] Consequently, the embodiment of the present invention efficiently performs a series 
of testing procedures in a single device and effectively tests and analyzes the junction 



WO 2005/062646 



12 



PCT/KR2004/002437 



and the performance of a base station having a WCDMA smart antenna to provide 
mass multimedia services to a normal mobile station. In addition, the present invention 
has a fimction of directly controlling the test call by service type and monitoring the 
protocol, as well as a function of collecting and analyang performance data and a 
function of providing the analysis results on a graph display, thereby enabling the 
control of the test call and the monitoring of the performance for a normal mobile 
station. Hence, the present invention is useful in the aspect of both economy and 
efficiency in testing the operational state of the base station. 

[16] While this invention has been described in connection with what is presently 

considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiments, but, on the contrary, is 
intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 

[77] According to the present invention, the operator can generate mass mobile com- 

minication nultimedia calls in a simple and convenient way while comnunicating 
with a normal mobile station, and effectively diagnose the fiinction and the 
performance of the system as well as call-specific service quality. 

[78] Furthermore, the present invention is applicable to both a system development test 

and a system operation to allow an economically test and guarantee the function and 
the performance of the WCDMA mobile comnunication system, thereby enhancing 
the competitiveness of the WCDMA mobile communication system. 



[79] 



